SSNE FMEAICIL
REDUNDANCY SCREEN

Compshant Sroup: Preumatic Gontrels

Preparad. P. Lowrimeore
CIL ltem: CAND-02 : Approved: T. Nguyen
Cormpanant: Helivm Pracharge Valva Approval Date: B2
FPard Numbor: RE010444 Changs ¥: 1
Failura Maode; Fallure lo terminate helium pressurant flow to Pogo aceumulatar during propellant condtloning. Hraciwe §: CCBD MEA01-5213
Fage: 1nf 1
Crilicatity
Puare Failure * Effecl Dascripion Hazard Referene:
P Paga precharge halium contitres le flow  Conmiler deleels opl-pblimil sondition and inkibia agxi command, Lewsch debay Loss of 1R
41 vehicke due ‘e HPOTE cvarspaad may result if failare to lerminate heligen prachargs is nal detected ME-C15 i,
ME-GHIC.D

Nedurdancy Gorzens FHEUMATIS SYSTEM - SENSOR SYSTEM. UNLIKE REDLNDANC v,

A.Fass - Reduwant hardware hems are capahis of checkout during namal graund turnarcund.
B: Pass - Loss of a taduvhdard hardwars flema is detectahla during {llght.
122 Fass - Loss ol redund ant rardware flams ceuld mat realk Iram a ginglz zradlble event,
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SSME SAICIL

DESIGN
Compenent Gmoup; Preumalic Conlrols Fraparad: F. Lowrimare
CiL ftem: £I00.02 Appraved; T. Mguyen
Camponent; Helum Frachange Vala Apprevval Dake: e de ]
Part Mumiber: RE4110180 Change #; 1
Failure hodo: Feilure Lo terminate halivm pressurant flow to Pogo ecenmulator during propetant canditlering, [Hractlve & CCHD ME3-01-5113

Papge: 1ol 2

Dosign § Documel Rafarer ce

F.ﬂm_ URE CAUSE: A Sofenoid vaha fsilure; Armatura Jammed oped
B: Svlencid valve faflure; Puahrod jammed cpan.
G: Helluir precharge valve Fallurs: Plston/pappet Jammed BREN.

DETAIL PARTS ANN TEST FIXTURES ARE CLEAMED PRIOR TO ASSEMOLY i1, AJSEMBLY AND TEST ARE FERFORMED IN A CLEAN ROOK 2], LUERICANTS ARE HOT ALLOWED FOR
ASSEMBLY CR TEST (3) COMPOMENT LEVEL TES1 FLINDS ARE MITROGEN ARD HELILR WHICH MEET THE HARDWARE CLEAHLIMNESS REQUIREMENTS [T). THE CORMPCMENT PARTS
AND ZUBASSEMELY ARE FREE OF WISIBLE FOREICH PARTIGLES AT THE TIME OF ASSEMBLY (3). AT THE EMGINE LEVF|., INLET AND QUTLET FILTERS |H TFIE SOLENOID VALYE 4
AND AN INLET FILTER IN THE HELHIM PRE CHARGE Wl WFE {5) ENSURE THAT COMTAMINANTE LARGER THAN 15-MICRONS WILL BE REMOVED, THE SOLEMDID Wl VE (4)
IMCORPORATES TEFLON ARMATURE AND PUSHRCD GUIDES WHICH PREVENT WETAL-TOLMETAL RUBRIMG AND PARTICLE GENERATION (N THE IMMEDIATE AREA OF THE
ARKWATURE UR PUSHROD INTERFACE. |N THE EWVENT THAT METALLIZ PARTISLES FIOM ANGTHER SOURCE GET INTO THE IN1ERFACE. THE PARTICLES BEECCME EMBECDED M 111E
TEFLON SLEEVE. THIS FREVENTS GALLING BETWEEN THE SQLENCID ASSEMBLT AND A RUMATURE, R SEAT AMD PUSHROD, AMD PREVENTS JAMMIREE. THE ARMATURE AHD
PUSHROD LENSTHIDIAMFTER RATIOS FRECLUDE THE POSSIBILITY OF ARMATURE AND PLEHRCD COGKING. SIMILAKLY, THE HPV FISTOM 1S GUIDED BY A TEFLON GUIDE AKD
TEFLON PISTON AND SHAFT SEALS TQ PREVENT METAL RUBEING AND PARTICLE GEN ERATION. THE HPW POPPET 15 THREADED AND TORGUER INTO A SELF-LOCKING HELILCOIL
INSERT T3 PREVEMT THE POPPET FROM UNECREWING INTD Al SFEN POSITICN. THE HPY PISTOMRETAIMER MUTIS A SFI F-LOCKING TYPE MUT THAT IS TORQUED T PREVENT
IT BASKING OFF ANL RESTRIGTHG PISTOMPDPPET TRAVEL, THERFRY PREVENTING FOBPET SEATIMNG 15).

FVRLT0OUT, 2y ROO7 115000 (3 RLDO2Z6; 4] RSO10344; {5y Ra040180

FAILURE CAUSE:  C: Solenald valve Fallure; Brokev spring
F: Helium precharne vatve Fallure: Braken tpring,

THE SOLENOID VALYF SPRING (1) IS MAMUFACTURED FROR ELGILOY VARE, STRENGTH AND ELASTIC LIMIT, TOGETHER WITH ELASTIC MDDLUILLS, ARE THE PRIMARY REASCGNS
FOR USING E) GILAY. THE MATERIAL IS CORROSION RESISTANT AND EXHIPITS RESISTANCE TO STRESS £ ORADEION CRACKING (2) FOR THIS APPLICATION.  THE SPRING (3) IN
THE HPLILIN BRECHARGE VALVE (418 MANUFACTURED FROM 32 CRES WIRE, DUCTILITY, CORROSION RESISTANCE AND RESISTANCE T0 STRESE CORROSION CRACKING [#) ARE
THE PRIMATY REASONS FOR USING 302 CRES. BOTH SPRINGS ARE STRAIN RELIEVED AND INCORPORATE CLOSED AND DEBURRED ENDS, REDUCING STRESS CONCFNTRATIONS
THAT MAYT CAUSE BREAKAGE.

1) RSCOROTE; (2) RSS-H502.6, (3) RSOIO18F 14y RF010180

FAILURE CAUSE: D: Solerofd valve fallure: Excesslve inkernal leakage Hue to: Cantaminalion.
H: Hellum pracharge valve falture; Excesslve Internal leakage due tn: Conlaminalion.

DETAIL PARTS AMD TEST MK TURES ARE CLEAMED FRICR TO ASSENELY [}l AZSEMBLY AND TEST ARE PERFORMED IH & CLEAN RCGOM (2). LUBRICANTS ARE MOT ALLOVWED FOR
AJUEMEBLY OR TEST (31 COMPONENT LEVEL TESTFLUIDS ARE NITROSEN AKD | IEL IUM WHICH MEET THE HARDWWARE CLEANLINESS AEDLUIREMENTS {1} THE COMPQNENT PARTS
ARD SUBAZEEMBLY ARE FREE QF VISIBLE FOREIGN PARTICLES AT THE TIME OF ASSEMBLY [3). AT THE EMEINE LEVEL, A 15-MICRAN EILTER 1N THE FNELTAATIC COMTEDL
ASEFMALY {4, (NLET AMD QUTLET FILTERS 1M THE SOLEMCIN WALYE (5h AMC AH MLET FILTER N THE HELIUR PRECHARCE Wil VE (6] ENSURE THAT CONTAMINAHTS LARGER THAN
T54+HCRCNS WILL BE REMOVED,

(MRLIOGDT: (2] ROODF11.600; (1) RLOCAZE; {4) ROMY45; (5} RE01034 . BIRSotDi1Ad .
FAILURE CAUSE: E: Rolznald velve Fallure: Excessive Inlermnal leak rge du# 1o: Damagedidefectiva sealing gurtaces.

TUNGETEN CARGIZE 15 LISED TO MANUFACTURE THE FOPPET (1] TUNGSTEN CARRIDE WAS SELECTED FOR ITS HIGH RESISTANCE TO WEAR AN TS VIRTUALLY FORGSITY-FREE
STRUCTURF  THE MATERIAL 1S CORROSIGN RESISTANT AND, \WHERE USED, 5 NOT SUBJECT TO STRESS GURROSION CRACKING {2). THE BEAT {3} 1S MAHUFACTURED FROM 2400
CRES BAR, HIGH HARDNESS ARND WEAR RESISTANCE ARE THE PRIMARY REASONS Of USING 4400 ERES, THE MATERIAL ALSO EXHIBITS SUFFIGIENT CORROSION RESISTANCE
TOBE SUITABLE FOR THE APPLICATION (23 TIE PRESSURE CaVITY SEAL (4] 13 MADE FROM 221 CRES WHICH HAS STRENGTH AND DUCTILITY, A5 WELL AS A RESISTANGE TO
STRESS GORRDEION CRACKING (7], THE SEAL IS TEFLON COATED TO PRECLUDE LEAKAGE DUE TO SEAL COMTARMINATION [2],

(13 REODEIDG 12 RSE-A5082-E, ' RSONI0EN (4 REM (34



Component Genope Freumatic Cantrala Preparad, F. Lowrlmpre

CIL [tem: Ca00-42 Approsad: T. Nguyen

Component; Hellim Precharge Valve Approval Date: Giarom

Parl Humber; RS AL Change #: 1

Failure Made: Fallura te terminata telipm pressucant flow to Pog g accumulator during prapelient conditicning. Dlractive & CCED MEJ-111-521]
Papa: 2al 2

Degign [ Cocumenl Relamrcs

FAILURE CAUSE:  I: Helium pracharge valve Failure: Excessive Inlerngl feakage due to: Damage didefect!ve sealing surfaca.

INCOMEL 718 °5 USED TO MANUFACTURE THE POPIET (1]. IT HAS HIGH STRENGTH AND GOCD DUCTILITY. 1T 1S CORROSION RESISTANT AND EXHIBITS HIG STRESS CORROEIGN
CRACKINTG RESISTANCE (23 IMUOMEL 718 1S EASILY JOINED BY WELDING AND HAS A HIGH MODULUS OF ELASTIZITY. THE POPPET SEALING SURFACE IZ HARDFACED IWITH
TUNGSTEM CARBIDE. TUMGSTEN CARBIDE WAS SELECTED FOR TS RESISTANCE TOWEAR (2). THE SEAT 1) 15 MANUFACTURED FROM #40C CRES BAR, HIGH HARONES S AND
WEAR REEISTANLE ARE FRINARY REASONS FOR LUSING 4400 CRES, THE MATERIAL EXIIBITS SUFFICIENT CORROSION RESISTANCE TO BE SUITABLE FOR THE ARPLICATION

{DRSTIMAL; (7) RES-B502.6; [} RENID1A3
FAILURE CALSE:  ALL SAUSES

THE HELILM MPRECHARGE WALVE HAS SUCCESSFULLY PASSED DES|GM VERIFICATION | ESTIMG (1), ENDURANCE TESTIMG (2}, AMD WIERATKIN TESTING 2. THE KIKIMUIW FACTORS
QOF SAFETY FGH I'HE HELIUM PRECHARGE VALWE MEET CEl REQGUIREMENTE (3], EXCEPT FOR FROGF PRESSURE FAGTOR WHIGH IS ACCEPTED FER MMANIR VWAINER [5) THE HPv
VM3 CLEARED FOR FRASYURE MECHANICSAIDE FLAW GROVWTH, SINGE IT CONTAINS HO FRACTURE CRITICAL FARTS (8). A EXARINATION OF ENGINE 2010 HPY {7} SHOWED NO
EVIDENCE OF DEGRADATION ORWEAR OF DETAIL PARTS. THE WALVE ACCUMLY LATED CVER 13,300 5ECONOS AND 43 STARTS.

1] OVE-REME-S1T: (20 RES.517-51 [3) HER-517-61: {4) RLODS32, GPIZORO0IZE,. (5} DAR 2223 18] NASA TASK 117; (7} 55ME-A8-1250
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SSME FML.. .«CiL
INSPECTION AND TEST

Component Gnotp: Preumatle Contrals Prepared; P. Lowrimone
CIL e Ciphnz2 Appioved: T. Nguyen
Cemponent: Helium Precharge Valve Approvat Daie: Gi3mae
Farl Number: REM10180 Chamga 4; 1
Faifure Mode: Failure to terminate hallurm preasurant fhow to Poga accumulater during propellart condithanl ng, Directive ¥: CCED ME1-A1-5211
Pagpa; 1al 3
Failura Causag 5 anifiean] Characiarislizg Inspectionis) f Taslis} e T -
ABDGH HELIUK PRECHARGE RSO101E0
YALYE ASSEMALY
SOLEMNCID YALYE RE010344
CLEAMLINESS THE HELILM PRECHARCE ASSCMALY 15 CLEANED TO DX YGEMIFUEL SERVICE PER SPECIFICATION RL1 0004
BCQAUIREMENT 3 RECUNREMEHM 15,
THE FOLLIMING TESTS ARE FERFORMED DURING MANUEALRT URE AND ACCEPTAHCE TESTING OF
THE SOLENDIN VALYWE:
iy
L]
-
I
- TILTER INSTALLATIOM, GLEANING, AND DOWHSTREAN PARTICLE COUMT ARE VERIFIED. RLC 1226
- ALL INTERMAL FLOW PATHS ARE YERIFIFD. RLO3226
L]
THE FOLLCWING TESTS ARE FERFORMED DURING MANALFAC TURING AND BCCERTARNCE
TESTING OF THE HEL UM PRECHARZE VALYVE:
F__



Camponenl Sroup: Praumalic Contigls Frapared; P. Lowtimore

CIL lem: 30a-03 Approvard; T. Mgurvan

Companenl: Hellupy Pree harge Yalye Approval Date: T

Part Numbher: REDO1EG Change & 1

Faiture Mode: Failura t3 terminate heflum pressoerant o (o Pogo acerme o duting propellant eonditning. Directive §: CCBD ME3-D1-5213
Page! 2ofl

Farlure Causes

dignilizart Characiaristics

Inspecilonis) i Tasi[s)

52-0

A B D GH

CLEAMLIMESS
REQUIREMENTS

AFFRING
SPRING

SPRING INTFGR|TY

FOPPET
SEAT

MATERIAL INTEGRITY

AOPPET
SEAT
TAATERIAL IMNTEGRITY

Document Reference

-ALL INTERMAL FLOAY PATHS ARE YERIFIED,
- FILTER CRERATION I3 WVERIFIED BEMORE AN AFTER IMSTALLATION.

MATERIAL INTEGRITY |8 YERIFIED FER DRAVWIMG REQUIREMENTS,

AFTER MACHINING, SPRING CHARACTERISTISS ARE INSPECTED PER SPECIFICATION
REQUIREMENTS.

LOAD RANGE OF THE DEFRESSED SPRING 15 TESTED FER DRAWING REQUREMENTS.

MATERIAL INTEGRITY 1S YERIFIED PER, DRAWING REQUIREMENT S
HEAT TREAT 15 WFRIFIED PER DRAYIMG AND SPECIFKCATION REQUIREMENTS,

SEALING SURFACES ARF INSPEGTED PER DRAWING RECQUIREMENTS,

u
MATERLAL INTESRITY 1S VERIFIED PER DRAWING REQUIHEMENTS .
FGPPET MARDFACE |5 INBPECTEN FER SFECIFICATION REQLUIREMENTS.
HEAT TREAT IS CONTROLLED &Y DRAWING AND SPECIFICATION REQUIREMENTS.

RLMI452
RLMIAES
RES1090

REQOBOTE
REQTOAT

RADIG2.012

REMAGTE
REMO187

RSDOB10E
RSO0ANA0

RSODG0ET
FEATH 002

RACCE 105
RSICe0aa
RLCo 33

R3010183

RA1G33-048

RSDNI01ED
RADR 5-020
RED107ES



Sumpons 1Ip:

Prweumatin Cont-ols Praparad, P. Lowyl;
CIL It f1300-02 Approved: T. Nguyar,
Component: Hellum Frecharge vaive Appraval Dete: 6209y
Part Numkcr: REA10140 Chanpe a: 1
Fallure Made; Failure ta terminate hellum prassurant flow 1o Peoga accumulater dutlng propeliant conglilenin 1 Diractive #: CCBLDMEY.O1.5212
Pange: Aaf 2
“arfure CAuses Significanl Characlans zs Inspetivniz) / Tecl[g) Dazureal Referencs
| MATERIAL IMTEGR|TY SELLIMNG SLIRFACES ARE INSPCCTED PER CRAWING REQUIREMENTS. REQ1018a
RE010183
PENETRANT INSFECTION 15 PERFORMED PER ORAWING REQUIREMENTS ON BOTH FOPPET AMD RAD115-115
SEAT.
WELD INTEGRITY ALLWELDS ARE IMSPECTED T DRAWING AND EPECIFICATION REQUIREMENTS PER WELD CLASS. RLIDG1A
INSPECTIGNS INGLUDE; wiSLaL, QIMEM3IONAL, PEMETRENT. RADIDGRAPHIG, LLTRASGN IC.AND  RAODGI?-0O4
FILLER MATERIAL, AS APPLICABLE. RA011E-116
RADT1E-0OR
FAd] 15-127
FAT115.004
WELD IS LEAK TESTED PCR BRAWING REQUIREMENTS. R3014180
i!a[..l. EAIJSE-S- - - ASSEMOLY INTECLTY THE HPY ASEEMELY |5 VERIFIED DURMNG ACCEFTANCE TESTING. RE0Y01 A
RLM4HS
THE HPW ASSEMBLY SEALING FUMCTIONS ARE LEAK CHERKED EVERY FLIGIHT, OMRSD Ya1800. 00
THE HP'Y ASSFMALY FUNCTIONAL DHECKS ARE P ERFORMED EVERY FLIGHT. OMESD VA1 AR0.020
0O PRE-FLIGHT CHECWOUT FNELMIATIC QPERATION |5 VERIFIED OURING SSME ELECTRICAL CHECKOUT PRIGR TO FLIGHT OB
' AFTER AMY REPIACEMENT OF RELATED SOMPONENTS BY PERFORMING THE FOLLOWING OMRSD
- RECUIREMENTS:
o -FLIGHT READINESS TEST INCLUDING PMEUNATIC SHUTDODYM. CIMESO Va4 %o 0nn
- FLIZHT READINESS TESTS AND VA LVE CYCLE VERIFICATION. MESD SC0ERD 244
- FRE.CRYD LDADING. (LAST TEST) OMRED BOOFAD 2+ 0
Fellure Hizlon: Comprabensive failure hiztory data is mainlakned in the Probem Reparting dalabase (PRAMS/PRACA)

Cpeiahonal Lee:

Releronca: HASA lalter SAZ1/A8903 and Pock eldyne |=lter BARC TG,
Mol Apalicabhe



